Objectives: Stereotactic biopsy (SB) is a guided technic performed for the lesions on eloquent brain areas. The aim of this study is revealing the diagnostic reliability and the risk ratio of SB.
INTRODUCTION
Horsley and Clarke first reported stereotactic surgery in 1908 1 , with a new device enabling the precise positioning of probes into targeted structures of a monkey brain. Then, Spiegel and Wycis started human stereotactic surgery with injecting alcohol stereotactically into the globus pallidus and dorsomedial thalamic nucleus of a patient for treatment of Huntington's chorea in 1946 2 . With the innovation of computed tomography, this method has been developed and used commonly. Hall at al. reported almost 7500 stereotactic cases in their study published in 1998 3 . This technic has been applied in our clinic since 2004, and we currently use the magnetic resonance imaging (MRI) -guided stereotaxic technics.
One of stereotactic surgery technics is stereotactic biopsy (SB), which is indicated for patients with high risks for general anesthesia like overage or comorbidities, unresectable lesions as diffuse infiltrative (encephalitis, vasculitis or lymphoma etc.), multifocal or on eloquent brain areas. SB is a favorable opportunity owing to high accuracy and low mortality and morbidity for patients with symptomatic brain lesions on eloquent areas that show diagnostic challenges could not be ruled out with other diagnostic tests such as radiological evaluation [4] [5] [6] .
The general principle in neurosurgery is the removal of the tumor as much as possible; this does not always mean the better outcome. Whenever the excisional surgery will not result in favorable outcomes for the patient, a minimally invasive technic as SB should be preferred if a histopathological diagnosis is required. On the other hand, the safety and efficacy of the surgical technic are important as much as patient selection. SB had been previously reported as an extremely safe and effective procedure with high diagnostic yield, and low mortality, and morbidity rate for evaluating intracranial lesions 10 . Regarding the differences between clinics, we aim to explore the diagnostic accuracy and risk rates of SBs belonging to our clinic.
METHODS
The data of patients who had been operated due to various intracranial lesions with stereotactic biopsy in Department of Neurosurgery, Gazi University Faculty of Medicine between February 2004 and April 2014 was collected retrospectively. The data was analyzed based on age, gender, lesion localization, histologic type of the lesions, and clinical outcomes as mortality and morbidity.
All included patients were taken to GammaKnife unit after preoperative intravenous antibiotic administration. Following placement of the Leksell stereotactic frame (Elekta, Stockholm, Sweden), planning was done with MR navigation for guidance ( Figure 1 ). Then the patients were taken to the operating room. Following the appropriate cleaning and covering of surgery site, local anesthesia was applied to the incision line determined according to the coordinates. Linear skin incision was made with scalpe followed by hemostasis with monopolar and bipolar electrocautery. The skin flap was rolled and a burr hole was formed with an electric drill, and the dural adhesions were removed through the burr hole with the Penfield dissector. The dura was opened as "+" according to the coordinates and mass lesion was reached within parenchyma. Multiple biopsies were taken from +1, 0 and -1 cm. Subcutaneous layer was sutured with 2/0 vickryl, skin was sutured with stapler.
SBs were performed under local anesthesia and conscious sedation. A trajectory bypassing major vasculature, sulci and cerebrospinal fluid spaces were chosen in each patient according to the location of the lesion and multiple biopsies were taken along the planned trajectory between 1 cm proximal and 1 cm distal to the center of the aimed lesion.
A postoperative cranial computed tomography (CT) scan was performed routinely in every patient within 24 hours to rule out any complications and for confirmation of accuracy of the route.
The patients were grouped according to lateralization of the lesions in the brain as the middle, right side and left side; according to the location of the lesions as frontal, parietal, temporal, occipital, thalamus, third ventricle and infratentorial (pons, and cerebellum). The histopathologic results of the specimens were determined in 9 groups as nonspecific group consisted of glial cells or gliosis; low-grade glial tumors (grade 1 and 2 astrocytomas, oligodendrogliomas, grade 2 oligoastrocytomas, chondroid gliomas); high grade glial tumors (grade 3 astrocytoma, anaplastic oligoastrocytoma, glioblastoma multiforme, gliosarcoma); lymphomas; metastases (adenocarcinoma, squamous cell carcinoma, endometrial tumor, malign mesenchymal tumor, malign epithelial tumor, ring cell carcinoma, gastrointestinal stromal tumor metastases); infectious processes (bacterial and viral inflammatory changes, tuberculoid granulomatous inflammation, encephalitis, outside substance, and abscesses); radiation necrosis; hematoma and the others (primitive neuroectodermal tumor, neurocytoma, ependymoma, germinoma, choroid plexus papilloma, cavernous hemangioma, hemangioblastoma).
The complications of SBs were analyzed according to radiological and clinical examinations. Radiological examinations were performed by computed tomography (CT) after SB within 24 hours, while clinical outcomes were detected according to morbidity and mortality results. The morbidity caused by SB was considered in the case of new neurological deficits or worsening in the existing deficits. Mortality associated to the SB was determined as death within 30 days after the procedure. The deaths happened after that time were related to the existing tumor, and unrelated to SB.
RESULTS
There were 242 patients of whom 60% (146 patients) was male and 40% (96 patients) was female in a range of age between 11 and 84 years (mean age of 49 years). Lesions were in the midline in 12% (28 patients), in the right hemisphere in 42% (103 patients) and in the left hemisphere in 46% (111 patients). The lesions were in the frontal lobe in 32% (78 patients), in the parietal lobe in 23% (55 patients), in the temporal lobe in 17% (41 patients), in the occipital lobe in 5% (13 patients), in the thalamus in 19% (45 patients), in the third ventricle in 3% (8 patients), and infratentorial in 1% (2 patients) ( Table I) . On the other hand, 14 of 36 confirmed pathologies (39%) were non-specific in SB, and only 5 (14%) were confirmed as nonspecific in definitive surgeries, whereas 4 of 14 non-specific results were low-grade glial tumors and remaining five were high-grade glial tumors in the results of definitive surgeries. Hereby, SB was non-diagnostic in 9 of 36 confirmed patients (25%), and false diagnostic in 3 (8%), while open surgical resection provided a specific histopathological diagnosis. Furthermore, 24 SBs of 36 (67%) resulted in acceptable diagnosis leading eligible further therapy (Table III) . On the aspect of the complications associated with SB, the morbidity rate was 3.3% (8 patients), the mortality rate was 0.4% (1 patient), while 96.3% (233 patients) had not any additional deficits or problem. The morbidities have been identified as perioperative seizure in 2 cases, increasing motor deficit in 5 cases and postoperative new focal motor deficits in 2 cases. In only one patient, complication of hemorrhage was detected as non-traumatic epidural hematoma one week after SB.
DISCUSSION
Stereotactic biopsy is increasingly used up-todate and become a unique technic for unresectable lesions located in the eloquent or deep brain with diagnostic challenges. SB gives the chance of further therapy with avoiding from an extensive surgery to the patients with high mortality and morbidity. In our clinic, SBs are performed with magnetic resonance imaging (MRI) guidance, besides some clinics use computed tomography guidance 9, 10, 12, 17 .
Most lesions (46%) were in the left hemisphere in our series, whereas in the Hall study (10) was mostly found in the right hemisphere (48%). Location in the midline was relatively rare (12%) as seen in the literature (7%) 10 . Frontal lobe was the most common location followed respectively by parietal, thalamus, temporal, occipital, third ventricle and infratentorial (one cerebellum and one pontine).
Regarding the histopathological results, highgrade glial tumors were the most common types (31%) followed respectively by nonspecific findings, low-grade glial tumors, infectious processes, lymphomas, metastases, necrosis, and hematoma. Our histopathological findings were matching with literature and gliomas are most commonly seen pathologies in the literature, too 8, 17 . Hisatuga et al. published the three most frequent lesions as metastasis, low-grade astrocytomas, and glioblastoma multiform 11 . The complications belonging to the SB procedure were determined as all adverse effects acutely initiated during or after procedure within one week in our study. The main complications related with SB were mentioned as intracerebral hemorrhage, neurological worsening, and failure in diagnosis in the literature 18, 19 . Without a doubt, SBs have a lower risk of morbidity and mortality than open surgery 18, 23 . In our series, the rates of morbidity and mortality related SB were found respectively 3.3% and 0.4%. Our rates are parallel to the literature which has the range of 0.7%-7% for morbidity, and 0.2%-2.3% for mortality 10, 11, 18, [23] [24] [25] . In the aim of minimizing these complications, we are performing post-stereotactic biopsy computed tomography (CT) scan, while some studies advocated performing CT in evidence of bleeding in the puncture device or new deficits postoperatively rather than performing routinely [19] [20] [21] . To prevent progression in edema surrounding the lesion, we use steroids, diuretics or hypertonic saline if not contraindicated. Furthermore, intraoperative histopathological consultation should be used to ensure the procedure being diagnostic rather than normal tissue and rule out the material insufficiency, as suggested in Brainard et al. study 13 . However, we did not perform intraoperative frozen section or cytological examination techniques during the procedure because of the shortness of the operation time.
Finally, the importance of sophisticated technical skills should not be underestimated. The type of needles and forceps and development of guidance imaging studies (CT or MRI) are the types of equipment to minimize the misdiagnoses.
CONCLUSION
In our large series, the stereotactic approach to the brain mass lesions seems to be a safe and effective way to provide a histological diagnosis. The mortality (0.4%) and morbidity (3.3%) rates were low and the diagnostic yield (81%) was high, whereas the diagnostic accuracy confirming with excisional biopsies was lower (67%). Our results of outcomes belonging to SBs are seen concordant to the literature. The non-diagnostic reports could be decreased by detailed preoperative surgical planning, using suitable biopsy forceps that improving the number of specimens and performing an intraoperative histopathological examination.
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